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MECHANICS. 

78. Proposed by B. F. FINKEIi, A.M.,M.Sc., Professor of Matbematios and Physios, Drury College, Springr- 
field. Mo. 

A particle, P, is held in a bent tnbe by two forces directed towards two 
fixed points, H and S. Show that the equation of the tube is PS.PH=k'^, if the 
forces are /</PS and fx/PH. 

III. Solution by G. B, M. Z£EE, A. M., Ph. D., Professor of Science and Uathematios, Chester High School, 
Chester, Fa. 

Let PS=^r, PH=r', fi/PS=^f, /x/PH=f . 

By the principle of virtual work we have for equilibrium, 

fdr+f dr'=-0, but ///' =r' /r or f'r' =fr. 

D\v\dingfdr=—f' dr' by fr=f r' we get 

dr/r=—dr' /r' or rdr' -\-r' dr=0. 

Integrating, we get rr'=a constant=fc^. 
.-. PS.PH=hK 

IV. Solution by GEORGE LILLET, Fh.D., Professor of Mathematics, University of Oregon, Eugene, Oregon. 
Let P be any position of the particle, TT' the tangent to the tube at P, 

lTPSr=<j), iTPH=f, lPSH=0, lPHS^0',PS=r 
and PH^r'. 

Kesolve along TT , -^cos «S -\ — ^cos<«' =0. 

But, tan^ = r— jT-; hence, cos^=— -;—, where ds 
dr ' d« 

is element length of the tube. Also cos^' =—r— 

ds 

Therefore, 4^+ ~=0. 

Integrating, logi/(rr')+c=0, where c depends on known values of r and r'. 

Therefore, SP.PH=h^. 

Or thus : By the method of virtual work, 

Fdf+F'dr'={), where F=-^ and F=-^f^. 

or HP 

Thus form the differential equation and solve it as above. 

V. Solution by ALFEED HOME, C. E., D. Sc, Professor of Mathematics, University of Mississippi, P. 0., 
University, Miss, 

Let P be the particle, S and H the fixed points. Denote PS, PH, and 
SH by h, s, and 2w, respectively. Take the origin of rectangular axes midway 
between S and H, the a;-axis lying along the line SH. Let the resultant force 
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acting at P (a;, y) intersect Oa; at ^, and make angles a, /3, 0, with PS, PH, and 
AH, respectively. 

Since -Kp-:-^^=sin/5:sina, IfP:5P=sin/?:sin«, 

sina h ,,. 

or — (1). 

sm/a s 

,, «.sin;S AH m—OA 
Also 



/i.sina AS vi+OA ' 
Substitute from (1) and solve for OA, obtaining 

A^+s-'' x-OA~ h^-s'' ~x»+xy^-viH- 

Since PA is normal to the tube, the diiTerential equation of the curve is 

(ly x^-j-xy^-~m*!i; 

dx y^-\-x^y-\-m^y' 

Integrating, y*+x*+2x^y'^+2m^y'^—2m^x*—c. 
Adding in* to both members, and factoring, 

[3/«4-(»i+a;)«][i/'+(m-a;)«]=:c+m«, or SPKHP^=c+vi*=k*, 

from which SP.HP^^kK 

VI. Solution b; B. E. OAINES, Professor of Mathsmaties, Richmond College, Richmond, Va. 

Denote PS and PH by r and r', respectively, and these may be taken as 
the "bipunctual coordinates" of P. Then it is easy to show that 

(]/T (17* 

— — =cos^' and — r— =— cos®. 
as ^ ds 

dr cos^fr 

' ' dr cos^ ■ 

Now resolving forces along the tangent at P we have, 

cosa>=-S— cosfi- or ■ ~ ^=0. 

r r r r cos<p 

1 . 1 d.r- ^Q_ 



' ' r r' dr 

.'. logr+lrtgr'=logfc*, .•. rr'=k^. 
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If the forces had been ///(r) and jAF(r') we could get the form of the curve 
by integrating 

f(r)+F(.r')^=0. 

76. Proposed by JAMES T. LA WHENCE, Classical Sophomore, Drury College, Spriogfleld, Ho. 

An inclined plane of mass M is capable of moving freely on a smooth hor- 
izontal plane. A perfectly rough sphere of mass m is placed on its inclined face 
arjd rolls down under the action of gravity. It x' be the horizontal space advanc- 
ed by the incline plane, x the part of the plane rolled over by the sphere, prove 
that {JH-\-7n,)x'=mxcosa, ^x—x'cosa^^gt^siaa, where a is the inclination of the 
plane. [From RoiUh's Elemefitary Rigid Dynamics, page 126.] 

I. Solution by WILLIAM HOOVES, A. M., Ph. D., Professor oi Mathematics and Astronomy, Ohio State 
University, Athens, Ohio, 

Let jF'=friction of the sphere and plane, E=their mutual reaction, 0=the 
angle through which the sphere has rotated from the beginning of motion, 2/--the 
vertical distance of the center of the sphere from the horizontal plane, a;j=the 
corresponding abscissa, h and Athe initial values of a; and y, respectively, and a= 
the radius of the sphere. 

For the motion of the sphere, resolving horizontally and vertically, and 
taking moments about the center of the sphere, 

d^x d^v 
TO — j-~-=Fcosa~R&ina (1), m --j-~=:Fsina-{-Reo8a —mg (2), 

^ma^-^=.aF (3). 

For the horizontal motion of the plane, 

d^x' 
M—jr^=—Fcosa-{-Rsmcii (4). 

Also, x^^!=h-{-x' —aOcosa (6), y=k—a08ma (6). 

d'x' d^O 
From (5) and (1), m-y-^ macosa-j-^=Fcoaa—RBina (7); 

d^o 
and from (6) and (2), —ma a\na—j-j-=F8ina -{-Rcosa — mg • .(8). 

Eliminating F and R from (3), (7) and (8), 

d^x' d^O 
mcosa J =^ma—j-^ mg'sina (9). 

dx^ do 

Integrating (9), noticing that when t=0, , =0, jr=0, and x'=0, 0=0, 



